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1. Problem

Specification

These methods are used to identify the specific position of each option in

Minimum information required for a ranking operation:
- Criteria-wise option performance ratings

Competitions among

Various communities.

The DP pursues aggregation of the decision information (option ratings and N N A | 067 4 - Specific method for aggregating the data into global performance for
. ¢ DPpursues aggreg; (op & the ranking of all options. Some options may rank close to each other, but | pojn¢ val & pecitic Bgregating global pe
Ranking criteria weights) into a global performance value for each option to the ‘ : ointvalueranking B | 06564 6 each option (may use analytical or logical tools)
global per itis very rare that 2 or more options have identical global performances | -om agas method: ==
produce an overall options' ranking as core goal. e option ¢ o7 | 2
) and occupy the same ranking position. - ) ) )
o | Ranking methods may or may ot include sub- D 07734 | 1 Optional information for ranking:
The specific task or sub-task that a DP is e ) i ° :
h " |processes for options definition and criteria - Criteria weights (some methods do not use it)
focused on, with reference to 0 generic. | oiyhing, where these sub-processes are Used to define the wording and scale o criteria that i for th Subjective criteria weighting methods functionall Bie ranking that
. + o ) ) - sed to define the wording and scale of criteria that are useful for the I S~ . Ubjective criteria weighting methods functionally resembie ranking tha
MCDA process flow: ! yjocesses a o Sub-activities whose sole purpose is to define the criteria and derive their ¢ worcing ® |Criteria weights in Cricia__INC_ETC_WAC_F1G_TPD_1co |SUP Iteria weighting v 8
.1 - Options Formulation included, they are marked as "Ranking' Criteria |mportance weights. given DP; and/or identify and represent the relative importance of criteria S e EE—————— | qualitative information. Thus, these can also be used to rank the
crters Defimtion nevertheless, because their ultimate function is P enes. where it is unknown. : - - alternatives in simele. ourely subiective settings.
to aggregate the decision information into the Definition of options i EEP methiod:
- Preference Aggregation
global performance values. = -
Sub-activities used exclusively to represent suitable solution options using | Used to identify suitable solution options; and/or define the description . il et e I )
) ' to represent sultab'e so! ptions Using fy ution op! / P ores - mooring pear musiel beds of el |\yal 6 naming i inspired by the used of the term in ARIADNE method
Formulation vague knowledge about DP context and opinions distributed amongits  |and measurement scale for its attributes. Informs the assignment of e, it e maisiswriase. Wsource
multiple stakeholders. solution ratings where the ways to measure it are not readily known. focus on mpac prevention,and et impact of v .
o e Implemented ick. « Providethe navgaton ndustry wich
; ) ‘A ranking derived using point values allows the measurement of ) Point values may take any scale, e.g. whole numbers or normalised within
Point Values The DP requires output values to take the form of numerical values. 8 derive using p u See above for "Ranking" example from ARAS method. Y v &
preference intensity for.each ontion, 10. 1l range,
P& GUTPUT i FSIVIAA TEtHoa:
fre=— waas
. The DP requires that output values are distributed in a non-flat pattern . . - A distribution may be statistical (bell curve) or fuzzy linear (triangle)
Distribution . el . Distribution is used to represent statistical outputs or -y 5
over a range with clear boundaries and maximum likelihood point. i onthe method.
o
Interval outranking flows from NEAT method:
Intervals The DP requires that output values are evenly distributed over a range with |Intervals are used to represent numerical outputs associated with 5. Ranking is typically retrieved using averaging over a range in combination
clear boundaries but no indication of likely maximum. uncertainty or a range of possibi . with context-based judgement.
‘EEEATE
Allows specifying the desired output format in Ao e T BT e atve dmong Wy wo PR : :
Mot ° g order of alternatives from ARIADNE method-
The format of output values used to line with DP requirements. E.g. for some DP, compared, but prevents identifying the relative measure of how much
rank the options in accordance with P\, ) ooy is acceptable to create partial more preferable one solution is to another. Mathematical graph structure
requirements, context, constraints, or » . N N N . N N N
order, while precise figures and complete orders offers visual presentation of results and uses relevant analytical tools to Where incomparability exists among the alternatives, it is technically
preferences. are required for other DPs. The required output format represents ordinal positions without reflecting |analyse the relative position of each alternative. more appropriate to use Order as an immeasurable format, rather than
order preference intensity. The order may be constructed using arbitrary point any measurable type. While some methods may allow producing arbitrary|
values, a sequenced list of solution references, or a mathematical graph | Traditionally, the order-based ranking s produced directly by an o values, these will always have an element of imprecision and unreliability
structure acting as a visual representation of the solutions' ranking. outranking procedure. However, a large portion of methods produces an because incomparable alternatives have at least one criterion that is not
arbitrary point value to construct solution order. These values are common, preventing a true absolute comparison.
detached from the original performance ratings of options and thus, are 0
unable toreflect the intensity of relative option utilties in a measurable
Used for Eriteria Definition methods that are concerned with the
- definition of criteria wording (which may or may not be concerned with ) )
The output has to be presented in the form of D ° of cri 8 ( 'y or may " . o Statements are not sufficient for a complete Ranking task and only occur
criteria , and Options Formulation methods concerned with | See above for "Formulation” example from EEP method. | ° ) ]
based on natural language. era ) tons Formy in constituent stages preceding the analytical part of the MCDA task.
derivation of Options Description (which may o may not be concerned
with Ontinn Perfarmance Rating)
Mixed output types in NGT method:
Good ldens Genered P Nomber
Only produced by Options Formulation-type methods that are 2335678 [Tom
Mixed The output is presented in a mixture of formats from the list above. simultaneously concerned with defining options from a range of Provide free information — free cooking class, recipes 14415 1 [ 16 [N/A
subjective opinions and evaluating its performances against criteria. Bty ot s sy b comttin) 3 54| 12
isribte 10 Thrary, schoots, churehee. boaprl shope
ald o Comtmuniy groupahimiae o T
nehbotihood wateh (1Hcakh Wotd

w

Indicates the presence of ambiguity i.e.
when some of the quantitative decision
information (criteria weights or option
ratings) is unknown. This relates to
cases where:

- Avalue may exist in several different
versions expressed by different DMs
(multiple opinions on specific values);

- Precise boundaries or some values are
unknown (unknown data limits);

- Some values may be absent in a range
(ie. incomplete data between limits)

Multiple distinct values corresponding to any
option rating (dimension 1) or criteria weight
(dimension 2) from multiple DMs (dimension 3)
is @ 3D DP, as opposed to 2D DP where only a
single DM is involved. No other parameter
reflects method applicability to GDM case.

Some methods do not attempt to pin down
ambiguous information to specific values and
produce an output in interval or distribution

| format. Other methods, which provide a Point
Value output, include instruments to pre-
process imprecise ratings into crisp format
before Preference Aggregation takes place. This
is performed using dedicated techniques
specified as a part of the method.

Option Ratings

Ambiguity exists within the knowledge related to option performance
ratings.

Various forms of ambiguity representation allow dealing with a lack of
precision or knowledge in the decision information. Grey numbers are
considered more objective because they only indicate the max/min
boundaries, which may be easier to obtain by objective judgement of
possible system states. Fuzzy numbers are presumed less objective since
specifying the "likely" point tends to involve subjectivity.

Trapezoidal Fuzzy Number from ULOWA:

[ 02 02503 04

As a general rule:

- Triangular Fuzzy numbers are recognised as a distribution (min/max
bounds with a vertex, which also allows a bias);

- Trapezoidal Fuzzy numbers are recognised as an interval (min/max
bounds, but vertex is stretched into a flat segment);

- Grey numbers are recognised as interval (min/max bounds only)
See the i on ProBCA for more discussion.

Preference Model

Ambiguity exists within the knowledge related to criteria weights,
aspiration levels, and/or definition.

The same selection of formats as above (distributions, intervals) allows
dealing with ambiguity in relation to criteria weights and interaction
intensities (reflected by Criteria Dependency parameter).

Triangular Fuzzy Number from ULOWA:

I

0
1 02 03

The notion of ambiguity as presented in Column E (Comments) does not
match the general implication of uncertainty ie. the absence of
guarantee for the expected values to be true. The use of this parameter
drives the DM to specify any "uncertain" values to reach certainty
regarding their possible boundaries, multiple variants, and knowledge
gaps.

Both

Ambiguity exists within the knowledge related to both option performance
ratings and criteria parameters.

A simultaneous combination of the above two types of ambiguity.

o
See above for individual ambiguity examples from
"ULOWA" method.

N/A

N/A

No ambiguity is present in the decision information.

Used for DP cases associated with complete clarity of information.

See above for "Ranking" example from ARAS method.

N/A




Indicates whether thresholds are used
ie. pre-defined bounds limiting the
overall or relative influence of

Thresholds serve to segregate influences, either
between options (preference, indifference) or
criteria (veto levels limiting maximum influence
of any criterion). This is different form Bounds
deliming the acceptable rating values to

Option Ratings

Pre-defined value brackets Controliing the reiative etect of varied option
performance ratings. Consider the difference in option performances
against a particular criterion ("delta”):

- If delta falls within the indifference bracket, options are considered
equivalent and occupy same ordinal position;

- If delta falls beyond the indifference value but within preference bracket,
higher-performing option s given a higher ordinal position, which may be a

orani ordinal difference onthe

method;

- If delta exceeds preference threshold, the rating of higher-performing

option s replaced by the preference threshold value in any aggregation
b limit its total affert

Used to define an ordinal relationship in a pairwise comparison of any two
alternatives against a given criterion by delimiting the acceptable
difference between their performances. Defines the "indifference" and
"preference" intervals for option rating deltas. Naturally imposes a
maximum "veto" limit beyond which the contribution of a particular rating
in any single criterion, even an outlier, remains constant and does not
affect the aggregated performance of an option too heavily.

Basic binary relations used in ORESTE and other methods:
= "Preference”"
- 1= "Indifference"

aPb
alb

iffv(a)>v(b)+8, §>0, Va,b,
iff |0(a) — o(b)|<8.

Applicable to purely ordinal tasks that use measurable ratings to derive
an order of options; and to part-ordinal tasks where individual option
ratings contribute to quantifying aggregated performance after pre-
ordering the options using ordinal relations imposed by the thresholds.

Thresholds may be defined using some objective basis, but also offer a
mechanism to impose the DM's subjective delimiters on objective data
for both weights and ratings.

Extracted from PPARC method:

1.4 |Use of Thresholds - o ) o . L
quantitative decision information eliminate under- or over-performing options in a Pre-defined weight brackets or fixed nominal values to choose from Constrains criteria importance in cases when any single criterion weight is Weight thresholds limit the impact of diverse criteria weights if they are
(option ratings, criteria weights) within | Selection task. Since ProBCA concentrates on delimiting the influence of any single criterion on the total performance  |distinctively higher/lower than that of other criteria: heavily imbalanced. This may occur if criteria weighting is sourced by
a DP context. Ranking, the elimination tools are left outside of aggregation. -if too high, that one criterion drives the entire aggregation while other subjective opinions expressed through direct assignment or pairwise
its scope. All options participate in a ranking Criteria Influence criteria have no noticeable role in producing the final ranking, which is comparisons.
assessment, unless pre-excluded by the DM. Weight thresholds are defined as fixed values ("weights fall within [0.2; 0.8] |nearly equivalent to running a single-criterion problem;
range"), standard deviation, feasible region of a 3D graph, o in any other |- if too low, that one criterion effectively does not participate in forming "Veto" term may indicate both criteria influence bounds and differential
way. the final ranking, which is equivalent to omitting it. preference relations, causing confusion.
) : ok hen the BP context | to disbalance, which is th R - Rafing threshold ficable when the DP only involves abstract
Pre-defined brackets for both the criteria weights and the differencesin | V°¢7 " €35€s when the DP context s prone to disbalance, whichisthe ¢ . 516 for "0ption Ratings" and "Criteria Influence” ating thresholds are inapplicable when the DP only involves abstrac
Both e-cefined & ) " likely case when the decision information is heavily subjective or ratings; weight thresholds are inapplicable when all criteria exhibit
pairwise option performance comparisons are applied simultaneously. examples. !
(see Ambieuity parameter above) lent imnortance levels.
Typically the case for simpler DP types that use pre-defined decision
N/A No limitations are imposed onto decision information. Typically imprer DP typ use pre-del st N/A N/A
information e.g. based on obiective measurements.
Low- DP that allows i method by a single, | The described conditions imply the use by someone who may not have ) ) )
) ‘ * ° ! Methods using mathematical functions are in most cases Light or
Light non-expert DM with no advanced math skills, who uses hand calculations or extensive analytical experience and possess no prior MCDA awareness | N/A R
a simple digital setup (e.g. MS Excel tool) utiising no advanced capabilities. |without any additional supervision, e.g. a graduate. "
ot an oblectively measured value; but serves DP complenxity level implies the use of MCDA method that requires The described conditions imply that method application is excessivel
as a useful tool for planning the timeframe, Reasonable computer-based capability and a DM with some knowledge of MCDA and | 1 C#20%¢ €on Hions i‘:"v o b"u‘z o v o wa
selecting an appropriate DM (e.g. identifying an maths (e.g. an engineer); and oversight by another professional of at least P P ‘:VIEDA P g
The relative measure of effort, time, |internal capability or hiring an external walent lovel for aualiny assurance and error nrafing possesses non-expert awareness.
finance, computational power, \facilitator), and budgeting an MCDA project. TRisthiods that inveive processing logical statements tend to be assessed
) . ) Heavy due to non-trivial analysis involved.
1.5 |Resource Needed | expertise, and other resource that needs The described conditions may be split among a team of people e.g. an OR e e e cates the quality of available
i ] i il i - 3 intrinsi indi ualif vail
to be spent for on eficient ond effective. |Also refects the quality of available lerature scientist acting as the MCDA expert, while a Data Scientist acting as an Insome cass, ‘Heavy”type ntrinsizallyIndlcates th qualtyof
method application. e.q., the nature of a method may be average, The DP requires the application of a more elaborate MCDA method expertin logic. i likely requires S retaning t comortt G to “:’e sqec,f_c o g
i ion delivery i s u ing i u ific termil
but information delivery n the existing Heavy involving at east one MCDA expert who is highly capable in mathematical | developing a dedicated software, or complex analytical models e.8.Ms | T tation f{ P "Vnhe o rz s oo ngA oA expertise.
references make it difficult to understand its and logical concepts, and oversight by another expert of comparable level |Excel-based tools that use advanced features. The conditions allow for a p Y quire: A expertise.
application intricacies. ) i ; ! ) For example, a method may not offer a specific example of using its
for quality assurance and error proofing. non-expert to perform the task while developing expertise under the D
guidance of appropriate experts and secondary proofing by another set of e )
! - In many cases "Heavy" methods offer a higher level of output
equivalent experts. i - N - .
refinement (detail, precision, adjustability), which correlates with heavier
2. Criteria The definition uses a rough time estimate required to operate the number | pairwise criteria Importance comparison from ARP: Criteria & Options Count parameters are not fully separated:
Definition of options involved in a DP against all criteria. An arbitrary temporal - Where operations affected by criteria definition require less effort, it is
The DP involves a smaller number of criteria associated with intricate baseline of 1 working day is chosen as the delimiter, based on the marked "Unlimited” even if option-related operations are cumbersom
information structure and operations, but may need a higher level of result |following optimistic assumptions: (then, Options Count would be limited to 25).
refinement and modelling detail. Reflects whether a DP can be modelled in |- 1 working day = 8 hours = 5 hours work + 3 hours setup/admin xe |mee | 1on | ase jamen - However, some methods explicitly state suitability for "large volume of
< 1 working day as a generic indicator of complexity. Typical examples: -5 hours work = 300 minutes = 300 x 1-minute operations P Y Y B ) options" despite including extensive option-related operations and
- DPs that use separate, unique formulae for each criterion; - Retrieving & entering a data point from known set = 1 min PR Y Y 3 simpler criteria structure. These are marked as "25 max" in criteria count
- DPs that involve measurable pairwise comparison to derive criteria - Modelling an intricate operation for 1 criterion = 10+ min 0.33 033 1033 933 to allow for unlimited options count.
P Y Y Y s
) ) Does not impose  hard limitation on method weights (25 x 25 criteria = 625 comparisons, -25 diagonal elements = 600/2 | Thus, "25 maximum" methods are suitable for tasks involving <300 data Mmoo :
o The most appropriate DP size that a applicability, but serves as a useful indication of due to matrix symmetry = 300 entries) entries and/or <30 criteria requiring complex modelling. Applying this type of methods to large DPs involving Over 25 criteria is
2.1 |Criteria Count method should be used for, expressed s | o0 iv i more suitable for tacking smaller The delimiter is set to 25 because pairwise comparison (popular in MCDA) possible, but will require the amount of time and effort that grows
a number of criteria involved. or larger problems (in terms of criteria count). of mare than 25 criteria exceeds 300-minute effort baseline. exnonentially with increasine criteria count.
Some "over-25 criteria” methods involve pairwise comparison. These are
The DP involves a large number of criteria (over 25), where criteria-related cases when criteria comparisons are objective and may be automated, so
formulation does not include complex structuring or intricate calculations. | Following the rationale for defining 25 criteria as the delimiter, "over 25 - ) - the DM does not have to assess each criteria pair individually. E.g. these
" ! llown e delimiter See the number of criteria defined in the original reference ¢ ' ! !
- Typical examples include: criteria” methods are not expected to consume a significant time of ¢ gine reje may calculate some available values instead of using DM judgement.
Unlimited ) o ) ! | " " for DIER-BCS method (example is too large in size to insert a
- DP that involves equal criteria importance weights; aciitonal efort when a DP involves more than 25 criteria (whichmay (177 7 %
- DP involving immeasurable pairwise comparison to derive importance- | reach hundreds). g Applying this type to small problems (25 criteria or less) is simple and
based criteria ordering. requires no extra effort, but may not offer the level of refinement and
depth of "25 max" methods.
Option performance aggregation that uses criteria weights,
In many real DP, criteria are viewed as having different weights of relative |from CCSD method: Where a ranking method suggests a specific approach for calculating
Weighted The DP accepts differential values for criteria importance weighting. importance. This needs to be accounted for in the analytical procedure Z ) criteria weights, it is also described as an integral part of that method in
° o Zgwp, n o
) ) Criteria weighting procedures attempt to make used by the method used to aid the decision. i the original reference.
Indicates whether a DP involves subjective weighting more objective. It always
ubjective weighti ive. It alw e z :
. differential criteria importance values or | *“-J¢<Ve Weiahting more obj ” A generic example from (Hwang, Yoon, 1981): On the notion of "compensatory” methods - Criteria importance does not
2.2 Criteria Importance . .. |starts with the expression of DMs preferences, f
only allows the use of equivalent criteria | .- e express ; i P P % % reflect whether a method is compensatory or not:
’ which then is rationalised sing analytical s | ) )
weighting. o 20 w0 0 55 swense  venshism | & |- Compensatory methods imply that criteria tradeoffs are allowed i.e. the
techniques. ’ - . Some DP treat all criteria with equal importance and do not need a [ !
Equivalent The DP does not consider dissimilar criteria importance. " ) ) ) o 2.5 200 18000 6.5 1ow average | criteria are weighted;
dedicated analytical part for dealing with criteria weights. o- [ )
. I high - Non-compensatory methods imply no trade-offs, which means
22 Gs0 200 50 aversse  averase j % |equivalent importance weights and an option is eliminated ifits
performance does not meet the minimum asiration.
Criteria order as extracted from ROD method: Subjective weighting does not solely imply that weights are subjectivel
o Subjective opinion is used as the basis for criteria weights derivationin |Used to indicate that the DM is expected to use own, subjective K Plective weighting v ImPly that weigl suplectively
Subjective en DP context. Judgement when providing inputs for criteria welghtin Wi W > i, >0 assigned; it may apply to methods that use objective analytical tools on
v xt. u w viding inpu iteria weighting.
s Jude P 6 Inp ghting LYo = =W some subjective input e.g. order of importance.
Coiten " b subj " Criteria weighting formula from CCSD method: The only importance derivation approach that is truly objective is when
riteria weighting can be subjective, objective, . o Mostly used when there is a requirement to exclude as much subjectivity o /T —R option performances measured by technical means are used as direct
orintegrated in accordance with the source . Some external, independent data is used to derive criteria weights e.g. o Wi = gl fami m ) ; T .
e ordance ! Objective bated an measared ontion porformances as possible from the DP. However, such an approach is argued to diminish )=, j=1,..., input into criteria weighting. However, this analytical approach solely
o reference for - - the benefits offered by the MCDA methods. > o /T—R, based on option performances does not offer any means to reflect DM's
The basis for criteria importance P orcforence
2.3 |Weights Basis weighting applicable within given DP | independent from the choice of weights = .

context.

derivation tools (pairwise comparison,
geometric centroid, etc.) - these are indicated
by the following parameters for Criteria
Weighting.

Pre-determined

Criteria importance weights are used, but are not derived within given DP
scope and thus, no particular approach to deriving weight values is
indicated.

Used for DPs where criteria importance weights are readily available or
the DM has their own preference for weighting method.

Extracted from ARAS method:

Criteri-

Hlumination
during work
hours (8+17)

The amount| Relative
ofair per Al
he;

, temperature

Rateof Dew
air flow point

012 | 008

Criteria importance weights are readily provided for method application;
weighting source is not questioned by the method.

N/A

The DP that does not consider variable criteria importance.

Not used - refer to Criteria Importance - Equivalent.

See above for "Equivalent” example from (Hwang, Yoon,
1981).

N/A




Used as the simplest representation of criteria weights. Typically used

See above for "Pre-Determined" example from ARAS

"Subjective - Point" combination implies the likely use of linguistic

Point Criteria weighting input s provided as a precise, crisp value. with Pre-Determined criteria, or requires good DP awareness in subjective > 7 preference values whose quantification may be performed using the
weighting anoroaches. - provided rules or altered by the DM to introduce a bias,
Ratio Criteria weighting input is expressed in measurable relative terms Normalyretrieved by performing a quantiied comparison of ore cieria | 0 o Mo Ratio weights naturally impose implicit veto thresholds for criteria
comparison). which may be normalised to [0, 11 range, to another e.g. "A s 3x more important than B D : importance since comparison excludes disbalance e.g. "1/1000",
Typically used fn the following DP contexts Tication of inguistic wei ;
ypically used wing X ! Buzz/guzptiicaticiodinguitichels b fop Do There are no methods reflecting a case where a DM would provide a
- GDM setting with a large number of individual DMs whose opinions on rearemd mene e
° ng v er of subjective distribution of likely weights directly and it does not resemble
criteria weighting creates a distribution curve; meHve GIs > CIrecty !
° _ R a logical thinking context; however, this is not impossible and may occur
) I . - Ambiguous settings where the DM provides a linguistic estimation of Very low (VL) (0,0.1,03)
Crteria weighting input i provided as a non-fat range characterised by the |* " B10uS <€t/ MBS where the BIA providte » fneviete ¢ ek (01703 05) [Infuture methods.
Distribution Vertex of maximum likelihood for the possible weight value and the less teria welghts to p using triangular fuzzy numaers; T
' ) - Iterative techniques characterised by the uncertainty in the overall Medium (M) (0.3,05,0.7) . )
likely weight values spread out to range extremes. hatance of weights e, o elghts are fred], where afting throush the |1 Fign cot 07210500 |Distribution-based analysis produces valuesthat are easier to understand
. weights (i.e. no wei ixed), where sifti u - ° o )
Weighting value format, reflects the | The preferred format may depend on the e h‘f e Crea‘esga P g throug! igh (H) ( ) |since they are linked to maximurn likelihood vertex. However, ts realism
2.4 | Weights Format format of input informing criteria desired outcome, available decision "We e gresse i e e where Very high (VH) (0.7,0.9,1.0) ;¢ o\ estionable since it is not entirely conclusive to condense a multitude
g importance weight definition that best |information, or the intended use of criteria nhm‘fm r:":m PN ”:i‘w e nmin"rl m'ﬂn:‘ uesw of opinions and possibilities.
suites the context of a given DP. weight values further in method operation. Typically used in the following DP contexts Interval weights example from FWA method:
~The DM s not certain about a precise weight, but is able to defimitwhat | -, _ [ /0.3 0 <w; =03 |interval-based analysis is not as clear to understand as a distribution
Interval Criteria weights can take any value along a flat range (i.e. no maximum the weights are not; o (0.9 —w1)/0.6 0.3 <w; <0.9 |because there is no indication of the more likely value within a range;
likelihood) between some bounds. - Used to reflect trapezoidal fuzzy numbers in ambiguous settings (s — 0.4)/03 04 < wy < 0.7 |nowever, itis more realistic since it gives equal consideration to ll
- Used to translate subjective comparison of rlative importance of criterial > (2) = { (1 2 1) /03 (.7 <y < | |Possible values within a range.
in cases where there is no ambiguity about these relations - I
Eriteria weighting input dedin the form of i b order of o ) : - ; -
T e e ey |Used for subjective pairwise comparisons or direct ordering of critria DP contexts where the DM can only provide importance order of criteria
iteri ing their dissimilar i . u
order e e :a ponhl wumnpme e, bt doce not auantifythe | "1ere the DM cannot pin down the specific values or rflect on the See example above for Weights Basis parameter - may benefit from criteria weighting thresholds, especially if many criteria
e e s o uan ¥ " | magnitude of importance, but can arrange the criteria from the most | *Subjective” value from ROD method. are used. This would allow preventing the cases where criteria weights
ionship betw itions: w mu i
- ‘mm"mm o fm > v oy important to the least important in an order. resemble a geometrical progression.
N/A Indicates a DP that does not consider variable criteria importance. Not used - refer to Criteria Importance - Equivalent. See above for "Equivalent” example. N/A
Criteria definition input is directly assigned without resorting to the use of |The simplest procedure for providing criteria definition inputs. Typically | Direct assignment of criteria weights in DNMA method: | Assignment procedure does not imply questioning the source of
Assignment any elicitation tools or procedures, disregarding input format (i.e. can used with Pre-Determined criteria, or requires good DP awareness in Step 4. Suppose that the experts assgn the weighis of cite |information or attempting to amend or update it It s lso the only value
assien criteria weieht values, rank positi der. etc.). definition fia a5t 1 =029, 02026, w3 =016, 4 =012 ©5=009 |4 reflects criteria definition (wordine. scaline).
Comparison produces an order of values, which may be measured
. Criteria parameters are derived using subjective comparison among criteria | Used to derive criteria weights from DM's subjective judgements. See AHP example from Criteria Count parameter - "Up to mparisan produce values, which may Y
Comparison N B - o " Lo N (criterion rank position and influence intensity) or immeasurable (rank
pairs. Whatever output format s used, pairwise comparison is used. 25" value for a measured pairwise comparison. ! ) onsity)
nosition that does not indicate influence intensity)..
b SWING
Benchmark 3 0 2 L 4 0 7 0
. R ) ) ) R ) 50 2 5 333 ) ) o
Criteria parameters are derived using subjective comparison against some |Used in cases when some information is available to help criteria ‘E’;S 3 2 : : ‘; T 1os 3 | here are no possible external references for guiding the definition of
The most suitable method ing inouts | RETETENCE real or hypothetical reference e.g. sample criteria weights, partial order of |definition other than the set of criteria itself. This could be min/max value | y S 0 s 1 4 o 4 sy |criterie; reference can only exist within criteria set since all criteria
e most suitable method for providing inputs importance, or min/max scaling range boundaries. boundaries, aspiration levels, partial weighting example etc. . 3 5 0 2 33 | participate in defining the parameters.
|for criteria definition (wording, scales, weights, FTIG 3 02 5 4 0 2 833
- . g . . TPD 3 0 2 L 5 0 6 1667
interaction) depends on DP context, such as: oh ‘1T ERTERE
knowledge available to the DM, intended wergnumy vaTamsronT ST
The approach (method o specific application of decision-aiding results, required W W)
25 |Definition Method _|Process) toretreving input nformation | DP model precision. (o o) (O
for criteria wording and/or importance 4
weights. Criteria Definition is mostly associated with b (W .. Wign] | Retrieving the probabilities of possible weights requires good awareness
cliciting quanticiive creria formation: Criteria parameters are derived using probabilit which ma the DM possesses sufficient information to estimate or b v (G0 of the DP context or access to objective information. Probabilty based
importance weights and interactions. It also Probability 2 par - &P Y estr v - - OV P " N Wy Wi W weights are uncertainty-friendly due to allowing the consideration of
describes crteria wording and scaling be subjective or objective data (e.g. measured statistics). objectively derive the probability of possible criteria parameters. ) iffarent optmions with resmectivereflection of how ey ey ave o be
definition, but only uses "Assignment” value. . true.
Wi / AWttty + Wher 1y}
Whyt, - W} (W)
AWt Wl )
Criteria weighting based on option ratings in IDOCRIW:
el |Exclusion of subjectivity may diminish the benefits of MCDA methods in
. The definition of criteria weights is in some way based on option Useful in DP situations where maximum objectivity is required, which A Ay Ay A As /e Weight | EXCUS) vbjectivity may cimin ' ¢ 5
Options-based N . A - o - - - - — |some DPs, whereas multi-attribute measurement is typically addressed
performance ratings and do not need DM's subjective judgements. drives the exclusion of any subjective influence. W 04 015 015 015 015 02151 ors W
B 108 01 W1 <03 04 7519 |bY optimisation techniques e.g. MDO.
N/A indicates a DP that does not consider variable criteria importance. Not used - refer to Criteria Importance - Equivalent. See above for "Equivalent” example. N/A
. . . - N - R - See ab Criteria Import ter - "Equivalent” . . )
Independent There is no interaction observed or defined among the criteria. Ratings in any criterion do not affect the ratings in other criteria. ee above for Criteria Importance parameter - "Equivalent” |, . .o of methods serve DPs with independent criteria.
value examole from (Hwana, Yoon, 1981),
Intercriteria interaction values from IDRA method:
Represents individual substitution rates of Intercriteria information
lected criteria i.e. adjustable d de Criteria Tradeoff  Credibilit; Importance
_ Reflects the presence of a measurable | *€ccc@ CTtera l.e. adjustable dependency ) While criteria weights reflect their influence on every aggregated score, b A e . - . )
2.6 |Criteria Dependence |1 The Bresehes o 4 mensur Where the rating in one criterion may allow for Allows although does not necessitate) dependencies between some orall |71 ® €718 HEEIES [PEE Tielt B IWEneS O STy BERTOETCS SO | Speea/mp: = Interacting" really means "interdependent". The former term is used as
P 3 measured loss in another one. May be defined ~ |Interacting criteria, which may be measured or immeasurable ( affecting the thought Imposed e s et Itometion conmf‘s I admzm v | Speed/Acscies ? 1 2 the available value in ProBCA since "interdependent" and "independent”
\for all criteria pairs or the select few. process, but not necessarily expressed quantitatively). P <IN P P Speed/Price 500 ! 2 look similar and thus, inflicts confusion.
criteria weights. Speed,/Consumption -
Speed/Comfort
HP. /Aem.eucs
H.P./Pri 400 1 -
rerarchi ; ) - ) - - 1Fa "flat structure” method is applied to a hierarchical DP, effect
Hierarchical DP settings may be solved using Flat onl Criteriah i dered within O The simplest DP types evaluate a flat list of criteria against a set of solution | See above for Criteria parameter - "Equivalent” | ° adsh“‘; ure :‘e o ‘;ap" 'e‘ d“ lerarchical DP, effects deof
Indicates where a DP context requires | non-hierarchical methods if criteria values are ly riteria hierarchy is not considered within DP context. options, N ey e g \mpzsz  hierarchy must be reso:e a;a precur:ur activity outside of
2.7 |Criteria Hierarchy structuring the criteria in @ multilevel aggregated at the top level of the hierarchy; - - . - T oene - method 2 scone using.preferre aoproach.. -
P, howeon some methods ofor dodicared tous The DP features a multi-level criteria structure, with relevant MCDA T T o See multi-level criteria structure defined in the original Hierarchical methods allow multilevel criteria, but do not require it and
v 4 Hierarchical methods offering dedicated tools for dealing with multi-level aggregation | *". P VP! 8 Multip! they may be applied to lat-criteria DP. Taloring it to  lat case carries

as their integral component.

effects.

categories, e.g. technical, financial, perceptional, etc.

reference for DIER-BCS method (example s too lorge insize

toinserta

error risk due to needing to omit some




3. Preference
Aggregation

The DP involves a smaller number of solution options, but requires
intricate operations to assess it. Reflects whether a DP can be modelled in 1
working day as a generic indicator of complexity. Typical example: a DP

Defined using a similar logic to Criteria Count with reference to an
arbitrary temporal basis of 1 working day allowing for 300 off 1-minute
operations. An "operation” implies an activity (calculation, comparison,

Pairwise comparison of options from MARS method:

O

7 N I ) )

Options & Criteria Count parameters are not fully separated:

- Where option-related operations are cumbersome, Options Count is
limited to 25 disregarding of criteria complexity (e.g. criteria definition
may require less effort so set to "Unlimited")

- Some methods feature simpler criteria operations (should be
Unlimited), but explicitly state suitability for a "large volume of options"

order, subjective nominal scoring, o an objective parameter
measurement).

against the attributes relevant to stakeholders' businesses.

€25 involving measurable pairwise comparison to rate 25 options (25 x 25 intricate ogical procedure) and not simple entry of pre-determined data. e while featuring extensive rating operations. These are marked "25 max"
options = 625 comparisons, -25 diagonal elements = 600/2 due to matrix | |"C. it s set to 25 alternatives following a similar logic to Criteria Count i v in Criteria Count, but "unlimited" options.
Does not impose hard limitation on method rmetny 200 ot ot parameter: pairwise comparison (popular in MCDA) of more than 25 |22
The most appropriate DP size that a applicability, but a useful indication of whether options against given criterian exceeds 300-minute effort baseline. Applying 25 max" methods to large DPs involving Over 25 alternatives is
method should be used for, expressed as |it is more suitable for tacking smaller or larger possible, but will require the amount of time and effort that grows
a number of entries to define problems (in terms of option attribute count) exnonentially with increasing ontians count.
performance ratings for all involves | based on how many values need to be filled into ‘A matrix can comfortably serve 25+ options if rating calculations do not | Direct data entry adopted from ARAS method:
solution options. pre-determined data fields e.g. a decision need individual processing and may be automated e.g.: Criteria
matrix. - Option ratings are pre-determined e.g. obtained by simple measurement Options]| 21 |2 | 74 | % %
The DP involves a large number of options (over 25 and may reach or database retrieval; L Applying this type (unlimited options) to small problems (25 options or
Unlimited hundreds), which are rated by simple data entry and require no complex |- A simple order of options is produced by immeasurable pairwise A 1761461181390| 0.1 | 5 less) is simple and requires no extra effort, but may not offer the level of
operations. parison that uses pre- ined, p logic. B |5.5]32|21/360)0.05| 8 refinement and depth of "25 options max" methods.
Following the rationale for defining 25 criteria as the delimiter, methods € 153]32|21/290/0.05 |11
serving "over 25" options are not expected to consume significant D 19270]0.05 | 9
additional time of effort when options count grows. -
- The DP is solely concerned with criteria definition in separation from the | See example above for Criteria Count parameter - 125 Max"
/A The P does not involve any consideration of solution options. bart of MCDA task that considers solution option value from AHP method. A
[Subjective ratings depend on the DV and may change Trom G Definition of the nominal rating scale from FMEA:
Ameasurable type of subjective ratings used to indicate relative option | respondent to another. Used to grade differential performance on Nominal rating is not known in advance and is defined at the time of
performances against any given criterion - graded order. Uses pre-defined |attributes that are immaterial (e.g. perception, experience) or whose preparing the inputs for an MCDA tool. The DM assesses option attributes
sets of possible values with no real/material meaning, and thus are mapped  performance cannot be measured objectively within given DP context based on own judgement or using surveys to assign nominal scores in the|
on a context-dependent scale e.g.: (e.g. comfort, suitability) by data into e | most suitable format for the DP.
Nominal - Sequential scaling values (e.g. 1 to 5 scores, or 0 - 100 percentage); format. Implicily reflect DM's preferences where the specific value e ——
Fixed values designed to amplify the scale of preference or reflectthe  [functions are not explicitly known. Implications: for one DM or within one | > ™ e imesinayess | NOMminal ratings diminish minor differences between option
of specific meaning/conditions (e.g. 1, 3, 7, 10); DP, particular features of a product (e.g. screen type, menu structure) will | & innequent performances if these are smaller than scoring scale, imposing some level
- Linguistic values designed for use in subjective surveys, which may use pre-{score higher on some criteria (e.g. comport, ease of use); whereas for 4 Low of imprecision when assigning a particular grade. For example, two
defined meanings (e.g. Low = 1, high = 5) or assessed within given set of  |another DM/DP, same features may score lower on the same criteria ‘ :"_:::L oo : - ::‘j:::::::;j v oo options may perform at 45 and 55% respectively in percentage scale, but
results without prior definition of linguistic meanings. (comfort, ease of use) or other criteria (e.g. carrying convenience, will both receive a 5 on a 1-10 score scale.
cntrware i
Measurable attributes are used in DPs that combine both subjective and For objective attributes e.g. cost, the separation of Nominal vs. Cardinal
objective judgements to retrieve measured ratings of option attribute type depends on DV knowledge. For example, cost may be
e o assessed as a nominal attribute at early project phases when the
performances. A frequent case for DPs dealing with physical objects and i imited and estimations are seale-based, bet con be
Applies to DPs that involve both Nominal (relative measure) and Cardinal | PYO2UCt &8 ranking products, equipment, transport options. measured precisely in terms of financial values during later project
(absolute measure) attributes i.e. any performance that can be May or may niot require normalisation depending on the method used. phases.
characterised with numerical ratings disregarding whether its basis is Most methods require converting quantitative data to the same scale to Percentages may be Nominal or Cardinal depending on attribute:
subjective or objective. enable running aggregation formulae on it. See the accompanying paper - | Where % assessment is defined by the DM based on their subjective
The nature of attributes affects the approach to | Measurable Cardinal measurements are a measurable type of objective option ratings | ""0BCA for more on Normalisation. See above for Criteria Importance parameter - "Equivalent” |, (oo ic s Nominal value;
rating the performance of options against that reflect option performances that are independently observed or v - ) ) - value example from (Hwang, Yoon, 1981). ~ Where % units reflect some objective state of an alternative (e.g. the
specific criteria. For example, where no measured using technical means, These use original measurement units | O (2 cinal ratings: independent observation implies that rating will not amount of material in a reservoir, it is a Cardinal measure.
itati are available about and indicate the intensity of real option performance, like: dimensions change from one observer/DM to another. These do not require rounding
an option it will have to be rated using some (meters); weight (kg); cost (USD). :O‘:‘:;Z::‘ o ::‘:Z f:;i:’::(z‘:n"“r""eﬂ ;:';"r‘gliliz“:"ch:jaah’tey e Some MCDA methods are presented as if only suitable for dealing with
qualitative approach, which could be measured ¢ ] ned as Cardinal measurements (e.g. MADM-OPT). However, the nature of its
The intrinsic nature of involved option | (nominal) or immeasurable (abstract). considered option and may be retrieved using available data sources (e.g. i i i .
T o e o | ! item speciication o technical means (measurement,abservation). Ths e e o e el redos
.2 . y o . P may be done by the DM or by anyone providing information to the DM. ) o
analysing the associated decision In this definition: equally suited for accepting both Cardinal and Nominal rating values.
information. - Atribute = on ntrinsic qualty of o solution Ghjeciive anits e for measable artbte g T e Ve I ST orsue (RUSTICE o )
a/rema]t(rve !ha;{eﬂ:crs its p‘ef{o/rman: in the ARAS method (note: ARAS is suitable for any rating of (l;ltatm(\’na\) 2:pends InDDPEﬂ O;\ th!e;tmhute \t‘se\f, and in part on the DM's
sense of a specific characteristic/aspect; P _|attitude within given DP context. For example:
 Criterion = a measure defined by the DP within An immeasurable type of subjective ratings used to express relative Measurable nature, but offers an illustrative example): | "\ abstract if different values (Red, Blue, Green) are
given DP context, which is used as the position of options with respect to each other. A qualitative order — compared by the DM in pairs as a better or a worse option for the DP, but
|framework to assess a particular aspect of indicating which option meets the DP goals better in a pair. Cannot be ey — cannot be graded by "how much better" each option s.
option performance. evaluated in terms of any numerical value of intensity. May be based on . . - . ofairper air A Cduringwork B8l Dew | Colour may be a Nominal attribute if its values along the same scale
either subjective or objective qualities e.g.: Subjective by nature ie. none are objectively better, whereas their order ead ity ST bowrs 8417) 1T s, Orange, Red, Brown) can be measured as better or worse among
~Objective abstract: Colour (independently observed; one may be seen | Performance depends on the specific OP context and DM goals. a3 ) = 5 % each other e.g. Orange is 2 better than Yellow, Red is 3x better, Brown is
Abstract better than other for given DP context e.g. user group) Abstract ratings have directions distinguishing what s better and whatls | Vewurenri o, " . . w70 | e tten. T alse ahows the OM to scius the scaling 6. Oransa o 1.2%
~Objective abstract: irection (independently observed; one may be better | 0% Put offer no basis to reflect preference intensity fe. does not allow better and Red is 2.5x better.
o amother .. for » canstruction sveject) o indicate "better by how much?”. Typically use pairwise comparisons
~Subjective abstract: Beliefs (subjectively perceived; one population group |18 €2¢h other or against some reference. Abstract attributes reflected with binary values (Yes/No type) can be
may be judged by the DM as having particular views about some subject categorised as either Abstract or Measurable depending on the DP
e.g. a new policy that are better than the views of another group, as context and DM's convenience:
perceived by the DM). ~In Abstract sense, these offer a clear indication of which one is better
than the other (e.g. Yes = better, No = worse);
- In Measurable sense, these may be rated using a binary set of values e.g.
Identifies MCDA procedures whose operation is not directly linked to the Used i versatile DPs characterised by no direct link between option ASS"Q"'"E'# Dfpre—deﬁne;? ”0’"{"'0! values to reflect ordinal
format of attribute ratings and as such, can accept any type of attributes. Y ) dire en optio! between option pairs in DRAPE:
For example, these procedures may assign a particular nominal value to the | AU21es (observed independently or subjectively) and attribute-wise
better and the worse option n a pair (e.g. 0.0 f worse, 0.5 if indifferent, 1.0| 218 (derived in relation to DP context). Such DPs typically involve . §
Any if better) following the same scale disregarding of how’ option performance various attributes representing the needs of many stakeholders. Each w » 1 _l{ ik i"" N/A
is ssessed to Inform comparison (6.5 may he subjective Immeasurable stakeholder typically pursues own goal, which may be characterised by | 1} Z wy-8x where =4 0.5 if xy S
the most suitable/convenient approach to assessing option performances k=1 0 if xp <




Gption ratings are provided as precise, crisp values reflecting absolute
assessment of option performances in given attribute. Independent of
other attributes and disconnected from other option ratings, even when
indirect comparison is involved. Examples:

A simple representation of Measurable (Nominal, Cardinal) option

See above for Criteria Importance parameter - "Equivalent”

In most cases, does not require any dedicated pre-processing or
derivation activity other than normalisation. Therefore, more typical for
methods serving "Unlimited" options count.

Point Value erformances. Normally requires readily available data on option
- Measurement of some physical parameter (weight, size) pert vred v P value example from (Hwang, Yoon, 1981). Indirect Comparison is such when any two options are compared, a pre-
! attributes, or good DP awareness exhibited by the DM to produce a N N >
- Assessment of performance on a pre-defined nominal scale ’ o e determined value representing their ordinal position is entered (e.g. 0 for
¢ ) reliable and realistic nominal scoring. ’ ; ) o
- Assignment of a pre-determined value to reflect comparison result worse, 1 for better, 0.5 for similar) instead of recording the relationship
- Probability for the various nossible svstem states, between their absolute nerformances
Option ratings are expressed in measurable terms to represent relative . N B3 o e T R o s
85 are ) i Represents a measurable assessment of relative performance of criteria EREI ratio )
preference intensity between any two options. Suitable for measurable airs within selected criterion. Retrieved by performing a quantified 05 05 0 0.3 0.3 0.3 ||The term "Ratio" is used to imply that values reflect the relative
Choosing the format for option rating values | Ratio attribute types (Nominal or Cardinal), unless an independent quantification [P > ™71 Sectec Crern. 1e Hevec By Barorme 8 oot e 0 1 0 b Bl 0 05 0.5 ||Preference intensities between alternatives carrying no real / material
allows the inclusion of option performances ina approach (probability or reference-based rating) is used by a particular | T" o o 21 8. P 1 e 7 | | meaning and thus, are dimensionless.
particular attribute (cardinal or ordinal), the method - in which case any attribute type works. - Typically normalised in [0, 1] range. 03 03 03 0o 0 1
DM's risk attitude, intrinsic indication of the o e e Followin B comeRts
i ed " < P ey -
utiity function shape, and other decision ypically used in g o B Distributional probability estimations from MZM:
- GDM setting with a large number of DMs who have individual opinions - N
parameters. ) N o Distribution-type option ratings may or may not reflect the presence of
on option performances creating a distribution curve; Alternatives triangular fuzzy numbers representing ambiguity:
Rating Value Format, represents the N ) Option ratings are expressed as a non-flat range characterised by a vertex |- Ambiguous settings where the DM provides a linguistic estimation of [ B 8 ynum P g ambigulty:
’ ° Option ratings express absolute data pointse.g. |\ . . . ) - B e TV Pr - Multiple Point ratings may be treated as a fuzzy distribution;
. | format of values expressing option . N Distribution representing the most likely performance value for an option, with less option ratings to be processed using triangular fuzzy numbers; a 03 04 04| . .o X N N
3.3 |Rating Format N cardinal measurements, nominal scores, N N B N L - Distribution-type original rating may have no ambiguity about it;
performance ratings (absolute or ” L L likely performance values spread out to range extremes. - Iterative techniques characterised by performance estimation b 05 05 0 N - .
e . ) probability estimations, or distributions; and e e - h ’ ' e 05 0 05 |-Amultitude of Distribution ratings may have a secondary set of
relative) in the decision matrix. uncertainty (i.e. no ratings are fixed), where sifting through the possible 3 ol P 4 ! voe
relative assessment results. R d 05 05 0 |distribution parameters representing the associated ambiguity.
performance values creates a distribution of results;
A intermediary bet Attribute Nat " - Ratines exnressed as 2 mean with standard deviations.or errors,
n intermediary between Attribute Nature an Used to reflect data intervals such as: i i i i :
Rating Procedure, these depend on a ) ataintervas su - iibedpoipancicieyaliotngsiioniiich inethod, Interval option ratings may or may not reflect the presence of trapezoidal
g g P - Multiple DM opinions without clear dominance of opinion (GDM); type ambiguity:
combination of DM preferences and further opti i ok ue al flatr i - Possible variation of option performance values within a range without a @ a a as y: it gd V; point rati be treated as a fuzzy interval:
processing approach used by the considered | |nterval T i ot g e e clear indication of it differential likelihood (uncertainty); we) 1080.1.00] [0.700.90] 0.50 040 070 o runt atine o e e it
MCDA method. ikelihood vertex) defined between some specified bounds. ~ An uncontrolled multitude of possible system states (variability). nla)  [0.000.20] [0.50.0.70] [0.40.0.60] [0.20.0.60] [0.30.090] | AN IN evrva rating may avg no ambiguity about it;
N N N N L ulxs)  0.60 [0.50,0.70] 0.60 [0.20.0.40] [0.30.0.90] |- A multitude of Interval ratings may have a secondary set of boundaries
Typically analysed using arithmetical (e.g. average), probabilistic, or representing Intervoltyne ambimu
distributive functions P s M Bulty-
Used for pairwise comparisons within a set or against a reference to ; i i : Grdering may be subjective (DM comparing options) or objective
Options are rated in the form of immeasurable order. It reflects the refative |, .o (:e‘ iton ofpealch Sption within rankii  Enables ordering the Unauandiabie ordinal oings from IDCH methosk (immelasgural:,\e order s d‘;n‘\Eed basedpcn‘ kiov‘?/r‘\ er’fcrmajncel:/lalues)
pasition of each aption vs. each other option in terms of particular o) t‘on‘;m repﬂects erior er‘f’ormance hen ¢ ¢ e ol e e Ordering may be cone in pairs (comparison one np one, suitable for
i uperi w i . i in pai i , sui
Order attribute, but offers no indication of the p distance | superior . 72 (does not smear) : a3 > a2 > al ~ a4 & may be palt i v on
) o b - - Performance ratings cannot be measured due to attribute nature, F problems featuring 25 criteria or less) or by direct assignment of rank
between the options i.e. it is impossible to say by how much Position A is N N . N r3 (point lasts) a2 >a3>al > a4 N o N
better or woree than Position B - Performance ratings are measurable, but do not directly participate in e p i positions (comparison in bulk for problems featuring over 25 criteria); the
- deriving ani order due to. DP context. rd(doesnotroll): a4 >al>a2~a3 _ |formeris more refined but arduous.
/A Option ratings are not involved in the task addressed by the considered [Indicates an incomplete DP covering a part of the MCDA process, i.e. See above in Task Facilitated parameter - "Formulation” |11 out of 15 methods serving Options Formulation include rating of
MCDA method. concerned with Criteria Definition or Options Formulation. example from EEP method. option performances (but not aggregation); 4 only cover definition.
Option ratings are subjectively assigned or objectively measured by the DM [Equivalent to Assignment operation for Criteria Weights. The simplest
Direct Ratin in a direct manner, with no other activities preceding the provision of rating | procedure for rating option performances. Typically used in DPs that See above for Criteria Importance parameter - "Equivalent” | Direct rating does not imply questioning the source of attribute
8 values into the decision process. Uses original measurement units of feature pre-determined attribute information, or requires good DM's |value example from (Hwang, Yoon, 1981). information nor attempts to amend or update it.
performance in each attribute (if any). awareness in subjective rating approaches.
Can be based on one parameter at a time (pairwise with respect to . . . .
. ’ ) Comparison may use attribute endpoints (Min and Max possible ratin
An intermediary between Attribute Nature and Options are rated by relative comparison to each other in pairs (thus options) or holistic option performance (pairwise per attribute). Offers Valu:s’ ;s mmyn“ce o C'm: a”sc: ;ow(eve‘r those m":mm;s o s;i"g
Aggregation Method, it depends on a Comparison “pairwise") in the absence of any external reference. May be subjective | maximum granularity through individual consideration of each pair of  |See above for Options Count parameter - 25 Max"value | 2 °#% %2 =51 o Re?erence’heca e onls ot clefined within thel
e P ] i use i ined withi
combination of available information about the P (DM's judgement with respect to DP goals) or objective (processing options. Includes comparison of rating frequencies per attribute e.g.in  |from MARS method. ava‘,‘:b‘e st :“’0 tions and without any additional information sourced
attributes and aggregation approach used by measurable attribute values). respondent surveys. May be visualised on a chart (measurable order) or a f ide of : i Y
the considered MCDA method. E.g. the original araph structure (immeasurable order). rom outside of the given set.
data may be point values, but the decision Options rating alongside reference from ORME method:
The core activity involved in interpreting | matrix contains versions of immeasurable A B Q
il d j i iteric . i o . . Ref  Full Ref  Full f  Full
3.4 |Rating the attrib option p e |option orders (one per criterion) as a precursor Ontions are rated by relative comparison of options against external Used in cases when some information is available in addition to baseline el B0 i e 0
information. to outranking. P! v P P! gains " set of options to serve as comparison basis. A hypothetical alternative may| | kWh/m? 38 25 | 64 28 | 263 47 |\yhere comparison is performed against a "hypothetical” alternative that
references (which may be one or several). May be subjective (DM's . N 2 kWh/m? —35 -2 i1 |3 4 0 N N -
) ) P be defined by a set of specific goals, one per each criterion, which are not ony solely uses minimum and maximum points for each criterion and no
s defined as the "core” activity because there |Reference judgement with respect to DP goals) or objective (processing measurable | . ° ) 3 kWh/m? 45 31 |87 87 |80 59 Y " ) nane e
y : g simply minimum or maximum range points but driven by some specific e additional information is provided besides the available options, it is
may be different parts to performance ratin attribute values). Reference comparison could be performed on historical ! 4 €¢m 300 350 400
y P P 9 N N N N R logic or context. 5 kg/m 508 343 | 102 832 | 212 649 |Comparison type and not Reference.
process (e.g. ordering, normalisation, ratings, partial comparison samples, hypothetical alternatives. " context - ) g/ 508 343 ; :
-0 2 s Other justification points are identical to Comparison value above. 6 kBq/m? 568 383 | 1150 930 | 2373 725
summation, etc.) - but only one activity can be 7 % 5 s T
identified as the basis for the process. S mi/hp) 46 46 | 124 o1 |49 37
Opti i ted in t f probability estimati : A " P - Probability-based rati tainty-friendly due to all th
" prion periormances are ratec I terms of propabiiity estimations Used when the DM has sufficient knowledge to estimate probability of  |See above in Rating Format parameter - "Distribution" robastity-based ratings are uncertainty-friencly due to alowing the
Probability reflecting the possible states/outcomes of the DP. May use objective data y N consideration of different opinions with respective reflection of how likely|
e o ) possible system states, but certain outcome is unknown. value from MZM method.
(e.g. measured statistics) or subiective thev are to be true.
Option ratings are not involved in the task addressed by the considered _ [indicates an incomplete DP covering a part of the MCDA process, i.e. See above in Task Facilitated parameter - "Formulation” ) e
N/A 3 . . 3 ) See comment above for Rating Format parameter - "N/A" value.
|MCDA method. concerned with Criteria Definition or Options Formulation. example from EEP method.
The aggregation procedure is based on a mathematical relation where one | Functional aggregation uses a combination of mathematical tools to i - - - -
) ° oo ° on o e neme ° Functional aggregation type is mostly associated with methods based on
input maps to one and only one output, which does not use any set operate on existing information. The DM's attitude is either uninvolved, or " . . )
B N N N ¢ h 5 Multi-Attribute Value or Utility Theories (MAUT/MAVT) at its core.
) reference or boundary. Typically uses simple arithmetic functions (+, -, *, /) [provided beforehand in the form of fixed constants or relations. No °
Functional 3 ! | o ) 5 0 d<o However, may also reflect any other approach to analyse a fixed
or complex functions representing a particular decision attitude (e.g. s- particular references (e.g. min/max or target points) are used as the Pld) = - N . . -
i ; c feren ; s 1-c# 40 relationship between preference indicators. Also includes the application
shaped, convex); and does not impose any boundaries to the range of baseline for judging total performances. Combines absolute ratings so ) - - °
RO e ° —+ ] of simple statistical and probability functions.
A subtype of Functional type aggregation methods where option ratings are
ubtype of Functional type aggregati \where option ratings are| ¢ . aration approaches constrain the scale of aggregated ratings due to T
treated as spatial coordinates and total performance is aggregated by ) roaenes ! : ) o ) )
) ! B modelling relative option performances. Different from Functional type by Technically, Separation-type aggregation is a variety of Functional type. It
functional processing of the distances between rating points and some erforming negative aggregation (differences between values) rather than s listed as a separate parameter value due to different implications on
i ) i v ion (di ween valu is i value due to di implicati
Offers the DM a choice of what kind of Separation reference. Each criterion represents an individual dimension of pcsi!ive a : reg gation 1sgugmr§al\'cn multiplication, exponent, etc.). Provides the aggre; a!io: roce’:ure faced by the DM, and subse: u:m\ on the
ision i h xpressi itu u initi By : u ui .
decision information. May depend on the (min/max in each criterion) or aspirations/goals (e.g. hypothetical ¢ pressing 8 AN A d
The type of analytical instrument used | available capabilities (which could range from alternative, which may not be min/max of the range). points. D N
at the core of aggregation procedure for | pen and paper to sophisticated computer PN 2 RN A *?
the decision information (criteria and |software) and the available resource (see TR >
3.5 |Aggregation Method |0Ption parameters) provided for the DP. | Parameter 1.5) OVErAN; TS i DP SEttings that require Highty TGUENE ™4 ot of value function constraints from GRIP method:

For Criteria Weighting methods,
indicates the method used or process
the input data and retrieve the
importance weights.

Some methods utilise a mixture of tools and
techniques within its aggregation module. The
“core" type of analytical instrument reflects the
kind of approach that defines the nature of
data processing activity to allow the DM
understand the key activity faced.

Programming

Models complex relations between the options using a combination of
analytical and logical functions to represent relevant decision rules and
attitudes. In a programming task, one input may lead to different outputs
depending on the specific DP context (e.g. setting the decision rules) and
DM's goals (e.g. setting logical relations). Allows modelling complex
preferences and attitudes expressed by the DM or a range of involved
stakeholders. Includes:

- Outranking by Elimination (simple comparison);

- Outranking with Binary Relations (nuanced comparison);

- Iterative procedures (running multiple converging operations);

- Permutations (sifting through all possible combinations of order);

- Statistical analysis: complex cases with data interactions, which fall
beyond Functional type e.g. Bayesian Network for probabilities, Monte
Carlo Simulation for data clouds.

approach to provide the means for expressing the DM's attitudes and
relevant rules. May or may not use some form of quantifying qualitative
relations, which is in most cases separated from original option
performances (e.g. may assign a numerical value to reflect a superior or
anterior position, but will not involve attribute units or actual values used
to reflect performance).

Outranking is used when differential preferences cannot be quantified.
Can deal with quantifiable attributes when
intensities are not required within given DP context.

Typically associated with increased resource requirement. Requires
dedicated computer programming to model complex cases (a software
code or an MS Excel tool that uses advanced features e.g. array functions
and nested "if - then" statements); can be done as a logical process by pen
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Typically based on either elimination of unsuitable options (which also
allows to derive their order) or by establishing some measure of relative
similarity and distinction among options. May or may not involve
arithmetic functions within the process, but always includes logical
operations on DM judgement and DP context.

Technically, Programming is a complex, multilevel subtype of the
Functional type aggregation. Whether a method is Programming or
Functional is assessed on an individual basis and in some cases
mismatches the terminology used in the sources. E.g. a method may
involve a "Linear Program" to solve, but uses a set of 1D functions so
categorised as Functional by the adopted convention.

N/A

Option ratings and criteria weights are not involved in the task addressed
by the MCDA method.

Indicates an incomplete DP covering qualitative MCDA process part, i.e.
concerned with Criteria Definition or Options Formulation.

See above in Task Facilitated parameter - "Formulation”
example from EEP method.

See comment above for Rating Format parameter - "N/A" value.




